replicate natural tooth color, and exhibit long term color stability and wear resistance [2] . There are several types of dental ceramics currently used in dentistry [3] and the clinical success and the longevity of these dental prostheses can be affected by multiple factors including the luting cement and the cementation procedure [1] .
The primary function of the cementation is to establish reliable retention and a durable seal of the space between the tooth and the restoration, and to provide adequate optical properties especially for tooth-colored ceramic. Depending on the chemical composition of the cementing agent and the type of pretreatment of both the tooth surface and the indirect restoration, adhesion may be obtained by a chemical or micromechanical retention, or both [4] . Ceramic prostheses can be cemented either by use of conventional or adhesive cementation. Conventional cementation with water-based cements relies on micromechanical retention but adhesive bonding utilizes chemical and micromechanical retention [3, 5] .
The most commonly used water-based permanent luting agents are zinc-phosphate cement, glass-ionomer cement or resin-modified glass-ionomer cement. Zinc phosphate cement has served for decades as the universal cement for different applications in restorative dentistry. Despite its well documented disadvantages of high solubility, lack of adhesion, and absence of chemical bond to the substrate, it is the most commonly used water-based permanent luting agent, depending on the retention and resistance form of the tooth preparation and an adequate marginal fit [4] .
Studies showed considerable failure rates related to loss of retention when using waterbased cements and clinical evidence supports the importance of adhesive cementation for the long-term success of all-ceramic restorations and prostheses [6] [7] [8] . However, various authors suggested the use of water-based cements for zirconia ceramic restorations because they stated that higher fracture toughness of ZrO 2 decreased the risk of fracturing the all-ceramic crown and removal of excess phosphate cement was perceived as being easier than resin cements [9, 10] . Although it is well known that the adhesive bonding to tooth structure increases the fracture strength of the porcelain [4, 11, 12] , recently the use of a new brand of zinc-phosphate cement with different shade options is recommended by the manufacturer for cementation of zirconia and lithium disilicate ceramic restorations [13] .
The aim of this study was to determine the shear bond strengths of self-adhesive and adhesive resin cements and zinc phosphate cement to zirconia and lithium disilicate substructures. The null hypotheses formulated was that, there is no difference between the shear bond strengths of cements bonded to zirconia and lithium disilicate ceramic substructures.
Methods

Specimen preparation
Zirconia
Thirty zirconia disk specimens were cut from zirconia ceramic blocks (KaVo Everest BIO ZS-Blank; KaVo Dental GmbH, Biberach, Germany), cleaned, and sintered at 1530 °C for 120 min. (EVA 1700; Linn High Therm, Eschenfelden, Germany) to their final dimensions (8 mm in diameter and 3.4 mm in thickness). The zirconia specimens were polished with 600 grit rotating silicone carbide paper (LaboPol-5, Struers, Ballerup, Denmark) and were airborne-particle abraded with 50 μm Al 2 O 3 at 2.5 bars of pressure (15 s) at a maximum distance of 10 mm 1 h before bonding. All specimens were ultrasonically cleaned (Ultra 3; Tecno-Gaz S.p.A., Parma, Italy) in 99 % ethanol for 15 min.
Lithium disilicate
Thirty lithium disilicate disk specimens were cut from lithium disilicate ingots (IPS e.max CAD, Ivoclar Vivadent; Schaan, Liechtenstein) cleaned, and sintered at 1500 °C for 90 min to their final dimensions (8 mm in diameter and 3.4 mm in thickness). All disk specimens were 5 % HF etched for 20 s (IPS Ceramic Etching Gel, Ivoclar Vivadent).
Bonding procedures
Each group was divided into three subgroups (n:10) ( Table 1 ). Polyethylene tubes (PTFE; DuPont Corp., Wilmington, Del) an inner diameter of 4 mm and a height of 2 mm were used to bond the cements to the ceramic specimen surfaces. The tubes were placed onto the center of the test surface of the specimens. Three types of cements were applied according to the manufacturer's instructions: Zn-phosphate cement (ZPC) (Hoffmann Harmonic Shades; Hoffmann, Berlin, Germany); self-adhesive resin cement (SARC) (RelyX U200; 3 M ESPE, St. Paul, MN); adhesive resin cement (ARS) (C&B; BISCO, Inc., Schaumburg, IL, USA).
The mixed cement was poured into the polyethylene tubes until it fills up and covered with a flat glass. The dual-cure resin cement specimens were then light cured for 20 s from two opposite sides with a quartz-tungsten halogen light-curing device (Hilux 200, Benlioglu, Ankara, Turkey) with an irradiance of 600 mW/cm 2 and further cured in a light-curing unit (Dentacolor XS; Heraeus-Kulzer, Wehrheim, Germany) for an additional 90 s. All specimens were then stored in 37 °C water for 24 h in a dark room to ensure complete polymerization of the cements. After 24 h, the specimens were subjected to thermal aging procedure (Xenotest 150S + TC, Atlas, Germany) for 1 week under 37 °C water bath [14] . 
Shear bond strength testing
Shear bond strength (SBS) was determined using a Instron universal testing machine (Shimadzu AG-IS, Shimadzu, Kyoto, Japan) at a crosshead speed of 1 mm/min. A knife edge chisel was used for loading (Fig. 1) . The obtained load values (N) were converted into the megapascals (MPa) by dividing the failure load (N) by the bonding area (mm 2 ) [15] .
Examination of the failure modes
The fractured interfaces on the ceramic surfaces were examined with a stereomicroscope (Leica MZ9.5, Wetzlar, Germany) at 50-200× magnifications to determine the mode of failure. Randomly selected specimens from each group were examined with a scanning electron microscope (SEM) (JSM 7000F, JEOL, Japan) (Figs. 2, 3 , 4, 5 and 6).
Statistical analysis
Obtained data from shear bond strength test were evaluated statistically. One-way analysis of variance (ANOVA) was performed using Tukey's pairwise comparison test. The overall significance level was set at α = 0.05. Minitab statistical software, version 13.0 for Windows (Minitab Ltd., United Kingdom) was used for the calculations.
Results and discussions
For the tested groups, the SBS values ranged from 0. comparisons revealed that SBS values of SARC were significantly higher than those of the ARC and ZPC (p < 0.05) ( Table 2 ; Fig. 1 ).
Mode of failure analysis results showed that the failures were mixed with adhesive debonding predominantly with minimal resin residues (<10 %) for the SARC groups (Figs. 2, 3) . However, the other groups showed adhesive failure predominantly (Fig. 4) . Representative specimens from Z and L groups (Figs. 5, 6 ) which were examined with SEM showed different surface textures depending on the different surface treatments.
According to the findings of this in vitro study, following results can be suggested: Cement type had a significant effect on the shear bond strength to lithium disilicate or zirconia substructures and the shear bond strength of an adhesive luting systems were higher than that of conventional cement, so the hypothesis was rejected.
When selecting a cement for all-ceramic restorations, the ability of strengthening the ceramic material is important. Adhesive bonding to tooth structure increases the fracture strength of the porcelain [4, 11, 12] . Heintze et al. demonstrated that leucite and lithium-disilicate crowns adhesively bonded with resin cement had higher fracture strength than those cemented with water-based cement [16] because, molecular adhesion in resin and hybrid cements is more effective than micromechanical retention which is the main mechanism for bonding of water-based cements to restorative materials. Although, conventional cements such as zinc polycarboxylate and glass ionomer cements have some limited adhesive properties, zinc phosphate cement exhibits only micromechanical interlocking [7] . Nevertheless as its use is not technique-sensitive, and it shows high physical strength, zinc-phosphate cement has been the most popular among all conventional cements [11, 17] . As a chemical bond with the zirconia surface can only be established with MDP containing resin cements [18] and the high fracture toughness of zirconia decreases the need of strengthening the ceramic by adhesive bonding, the use of zinc phosphate cement is recommended by various authors [9, 10] . On the other hand, lithium-disilicate crowns need to be bonded adhesively with resin cement to have higher fracture strength [16] . However, recently the use of a new brand of zincphosphate cement with different shade options is recommended by the manufacturer for cementation of zirconia ceramic restorations and also lithium disilicate restorations. It is claimed by the manufacturer that this recently introduced zinc phosphate cement can be used for the final cementation of crowns and bridges made of oxide ceramics (zirconia and aluminium oxide) as well as lithium disilicate ceramics with a strength of more than 200 MPa [13] . However it is stated by various investigators that water-based cements including zinc phosphate cement exhibited the lowest bond strength values when compared to resin cements [4, 11, 12] . Unfortunately, in comparison with resin cements tested in this study, the SBS value of L-ZPC group was significantly low (p < 0.05) when compared to L-SARC and L-ARC groups. This result shows that the use of zinc-phosphate cement for cementing lithium-disilicate substructures may weaken the material and lead to fracture as no sufficient bonding is obtained [3] .
The shear bond strength values of Z-ZPC group was also significantly low when compared to those of the Z-SARC and Z-ARC groups (p < 0.05). However, oxide ceramics such as densely sintered pure alumina or partially stabilized zirconia exhibit significantly higher flexural strengths than those of lithium disilicate. Therefore, the influence of cementation mode on the strength of the restoration seems to be reduced [5] . This study revealed that, the zinc-phosphate cement groups revealed very low shear bond strength values among all groups. However, SBS value of L-ZPC group was significantly higher than that of Z-ZPC group (p < 0.05). Also, significantly higher SBS values (MPa) found for the L disk specimens when compared to the SBS values (MPa) of the Z disk specimens for all cements (p < 0.05). The pretreatment protocol used in this study involving sandblasting for zirconia and HF etching for lithium disilicate might be effective in advance of this result because; to enhance the bond strength of cementing agents, the ceramic surface can be conditioned by airborne-particle abrasion for highpurity oxide ceramics [19] and etched for lithium disilicate ceramics [20, 21] . Sandblasting increases the irregularity of the zirconium surface improving the interlocking with the cement (Fig. 5) [6] . However, ceramic surface etched with the hydrofluoric acid developes a micro-undercuts (Fig. 6) [22, 23] . It is considered that cement penetrates into these undercuts. Thus, the micro-undercuts mechanically retains the cement material, and high bond strengths are obtained when compared to airborne abrazed zirconia surface [2] . Also, the wetting behavior of the cement on the treated ceramic substrate might alter according to the material and surface treatment used [24, 25] . It may be concluded that the surface energy of the L group increased more with the surface treatment when compared to Z group and this difference might lead statistically significant difference between groups.
For cementation to zirconia without separate primer application before luting, bonding efficacy depends entirely on the luting agent and its mechanical stability [24] . Regular bis-GMA resin cements which do not contain the MDP itself may show low bond strength values. However, RelyX U200 cement contains methacrylate monomers with phosphoric ester functional groups (MDP) and these functional monomers of RelyX U200 cement are able to form hydrogen bonds with zirconium oxide surfaces, enhancing adhesion and bond strength [26] [27] [28] . Significantly higher bond strength values between lithium disilicate ceramic and self adhesive resin cement was also stated. This was attributed to phosphoric-acid methacrylates in the self-adhesive resin cement, which provided a strong physical interaction, such as chemical reaction with the substructure [29] . Regarding the effect of cement type, in this study, the self-adhesive resin cement had significantly higher SBS values when compared to those of both adhesive resin cement and zinc phosphate cement.
In this study, the fractured interfaces on the ceramic surfaces were also examined with a stereomicroscope and SEM. Observed failure modes were classified. According to the classification, a cohesive failure was characterized by resin covering both test surfaces of a specimen. An adhesive failure showed complete debonding of the resin from one or both surfaces of a specimen. A specimen was considered to be a mixed failure when a portion of the test surfaces exposed and others had increments of retained resins. Results showed that for the SARC groups, which exhibited significantly higher bond strength values when compared to these of ZPC and ARC groups, the failures were mainly mixed with minimum resin retained on the surface of the ceramic (less than 10 %). Scherrer et al. and Braga et al. claimed that if larger region of the fractured surface remains on one side or both, this result should be rejected from the data because it is not the indication of strong bonding but may be explained as the mechanics of the test and the brittleness of the material. They reported that only adhesive failures or mixed failures less than 10 % should be considered for bond strength calculations [30, 31] . The results of this study were well-matched with these literatures.
Conclusions
Within the limitation of this in vitro study, it can be concluded that, although it is recommended by the manufacturer for cementation of zirconia and lithium disilicate ceramic restorations, zinc-phosphate cement demonstrated significantly lower shear bond strength values for both ceramic groups when compared to resin cements.
